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(54) Co-axial gear arrangement 

(57) A transmission having a power input (1 00) and 
output (102) which are co-axial along the same axis of 
rotation comprises a toroidal drive (104) having two 
traction disks (7a) with at least one reaction path there- 
between and a co-axial drive (106) having a planetary 



carrier (30) rotating around the axis of rotation and form- 
ing part of at least one reaction path between said disks 
(7a). 
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Description 

[0001] This invention relates to position servo sys- 
tems, in which the detection of an error between the 
desired relative positions of actuating (i.e. driving) and s 
driven member causes power to be applied to tend to 
reduce that error. The invention applies particularly but 
not exclusively to power-assisted steering systems, of 
the known general kind in which a steering mechanism 
- for instance of rack or worm type - is driven by a gear 10 
or pinion, typically carried at one end of a shaft, the 
other end of which carries a steering wheel or other 
control member. Means are provided to sense torsional 
deflection in the shaft. When that deflection exceeds a 
predetermined value, indicating that a substantial steer- is 
ing effort is being applied, an auxiliary source of power 
is activated and applied to the worm or gear to augment 
the steering wheel torque, and so reduce the deflection 
in the shaft. 

[0002] It has been proposed in Japanese Patent Appli- 20 
cation 63291 770A to incorporate a continuously-varia- 
ble-ratio transmission ("CVT") of the "variable-ratio- 
epicyclic" type in a power-assisted steering system. The 
customary components of such a CVT are an epicyclic 
gear set and a speed-varying component or "variator", 25 
the latter comprising an input member, and intermediate 
reaction member and an output member. By the "varia- 
ble-ratio-epicyclic" type of CVT we mean the type in 
which the axes of rotation of all three of the elements of 
the variator are concentric, so that the total configura- 30 
tion of the variator bears some resemblence to a con- 
ventional geared epicyclic or planetary gear set. The 
present invention is to be distinguished from the embod- 
iment of JP-A-63291 770 principally in that in the system 
described in that prior publication, the CVT does not 35 
generate and transmit any power to assist the steering 
effort provided by the operator. Instead, the function of 
the CVT appears to be to vary the manual steering ratio, 
between the steering wheel and the steering rack to 
which it is connected, so that quite separate means to 40 
generate power assistance receive relatively strong sig- 
nals at low vehicle speeds and weak ones at high 
speeds. 

[0003] The present invention is also of course to be 
distinguished from the many prior automotive CVT's of 45 
concentric arrangement (of which US-A-4922788 
shows an example), by the fact that in those CVT's the 
sole source of motive input has been the prime mover of 
the automobile. In the position servo systems to which 
the present invention relates there must be two sepa- so 
rate sources of such inputs. For example, in a power 
steering system a first and manual input is applied via 
the steering wheel and the CVT must be driven by a 
second source of motive power in order to contribute the 
power-assistance that is required. ss 
[0004] The present invention is directed to the coaxial 
aspects of the apparatus illustrated in the present draw- 
ings. Accordingly, the present invention provides a 



transmission having a power input and output which are 
co-axial along the same axis of rotation, said transmis- 
sion comprising: 

a toroidal drive having two traction disks with at 
least one reaction path therebetween; and 
a coaxial drive having a planetary carrier rotating 
around the axis of rotation and forms part of said at 
least one reaction path between said disks. 

[0005] Advantageously said traction disks react axially 
along one reaction path therebetween and said carrier 
forms part of said one reaction path. 
[0006] Preferably said traction disks react torsionally 
along one reaction path, and said carrier forms part of 
said one reaction path. 

[0007] In a particularly advantageous arrangement 
said traction disks react axially and torsionally along 
one reaction path and said carrier forms part of said one 
reaction path. 

[0008] Conveniently, said toroidal drive is a dual cavity 
toroidal drive, said disks are outboard traction disks 
which react axially and torsionally along said at least 
one reaction path, and said carrier forms part of said at 
least one reaction path. 

[0009] In one arrangement said coaxial drive has a 
plurality of elements carried by said carrier, and said 
elements are operatively adapted to provide a power 
path between the input and output of said transmission. 
[001 0] In a particular arrangement the present inven- 
tion provides a transmission having a co-axial power 
input and output, said transmission comprising: 

two shafts, one of said shafts being an input shaft 
for supplying power to said transmission and the 
other of said shafts being an output shaft for trans- 
mitting power out from said transmission, each of 
said shafts having substantially the same axis of 
rotation; 

a toroidal drive having two traction disks with a 
reaction path therebetween, one of said disks being 
mounted for rotation with one shaft of said shafts; 
and 

a co-axial drive comprising a planetary assembly 
with a rotating planetary carrier forming part of the 
reaction path between said disks and being inter- 
connected between said one shaft and said toroidal 
drive, said toroidal drive and said planetary assem- 
bly being operatively adapted for allowing power 
from said input shaft to travel back and forth 
through said transmission, between said shafts and 
along said substantially the same axis of rotation 
without the need for parallel shafting. 

[001 1 ] Preferably, in the transmission of the particular 
arrangement said toroidal drive and said planetary 
assembly are operatively adapted for allowing power 
from said input shaft to be transmitted through said 
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toroidal drive to said planetary assembly along the axis 
of rotation of said input shaft, and for allowing power 
from said input shaft to be transmitted through said 
planetary assembly, then through said toroidal drive and 
back to said input shaft along the axis of rotation of said 5 
input shaft. 

[001 2] The present invention also provides a transmis- 
sion comprising 

a first drive having an input shaft for supplying 10 
power to said transmission, said input shaft having 
an axis of rotation; 
an output; and 

a coaxial drive interconnecting said first drive and 
said output, 15 
wherein said first drive, said output and co-axial 
drive are operatively adapted for allowing power 
from said input shaft to be transmitted through said 
first drive, through said co-axial drive and to said 
output along substantially the same axis of rotation 20 
as that of said input shaft, and for allowing power 
from said output to be transmitted through said co- 
axial drive, through said first drive and back to said 
input shaft along said substantially the same axis of 
rotation, said transmission being thereby capable of 25 
exhibiting a recirculatory power loop from and back 
to said input shaft without the need for parallel 
shafting. 

[0013] Preferably, said co-axial drive is a planetary 30 
drive with a carrier, and said first drive is a toroidal drive 
with two coupled traction disks which react torsionally to 
one another through said carrier. 
[001 4] Advantageously, the two coupled traction disks 
of said toroidal drive react torsionally and axially to one 35 
another through said carrier. 

[0015] Preferably, one of said traction disks is 
mounted to rotate with said input shaft, and said carrier 
is operatively adapted to rotate with said input shaft and 
the other of said traction disks. 40 
[0016] In the above arrangement it is preferred that 
one of said traction disks is operatively adapted to 
rotate with said input shaft, said co-axial drive is a plan- 
etary gear assembly, and said carrier includes a hub 
mounted to rotate with said input shaft and a support 45 
flange mounted to rotate with the other of said traction 
disks. 

[0017] Conveniently, said first drive is a dual cavity 
toroidal drive and includes two outboard traction disks 
and at least one inboard traction disks disposed so 
between said outboard traction disks, said coaxial drive 
is a planetary gear assembly, and said traction disks 
and said planetary gear assembly, and said traction 
disks and said planetary gear assembly are axially held 
in position so that relative movement therebetween is 55 
substantially only rotational in nature. 
[0018] Conveniently, said co-axial drive is a planetary 
gear assembly with a carrier, and said first drive is a 
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dual cavity toroidal drive with two outboard traction 
disks which react torsionally to one another through 
said carrier and one dual-faced inboard traction disk 
disposed between said outboard traction disks, said 
carrier and one of said outboard traction disks are each 
mounted to rotate around said axis of rotation with said 
input shaft through said carrier, and said inboard trac- 
tion disk is operatively adapted to rotate around said 
axis of rotation in an opposite direction to that of said 
input shaft. 

[001 9] In a compact arrangement said output includes 
a gear interconnected with the output shaft, said plane- 
tary gear assembly includes a compound planet gear 
mounted on said carrier and connecting a ring gear to a 
sun gear, said inboard traction disk being mounted for 
rotation around said input shaft and being connected for 
rotation with said sun gear through a torque tube dis- 
posed around said input shaft, and said planet gear is 
connected for rotation with said input. 
[0020] Advantageously, the transmission of any one of 
the previous claims in which the planetary assembly is 
situated between the two input discs (9a) 
[0021] The invention will now be described by way of 
example with reference to the accompanying figures of 
simplified and partly-schematic drawings in which:- 

Figure 1 is a schematic view of a power assisted 
steering system; 

Figure 2 includes a sectional view taken in plane 
including the shaft 3; 

Figure 3 illustrates linkages and movements asso- 
ciated with one of the rollers of the variator, and 
Figure 4 shows an alternative to the arrangement 
shown in Figure 3. 

[0022] Figure 1 shows that the output of a constant 
speed electric motor 1 0 is connected both to the "input" 
member 7 of a variator of the variable-ratio epicyclic 
type and also (at 11) to one component of a typical 
three-part epicyclic gear set 6. The other two compo- 
nents of the gear set 6 are connected to the "output" 
member 9 of the variator and to a torque-limiting device 
21 respectively. The third and intermediate member 8 of 
the variator produces an output 13 which constitutes 
one input to a pinion 2 driving a steering rack 4, the 
other input being from a steering wheel 1 by way of a 
shaft 3. The parts which make up the CVT are shown 
within the broken line 5 and comprise the gear set 6 and 
variator (7, 8 and 9), and those parts are mounted to 
rotate as a single assembly with a tube 20, which is 
coaxial with shaft 3 by way of which they are connected 
to pinion 2. Shaft 3 and tube 20 thus constitute a pair of 
concentric rotary actuating inputs to the pinion 2. 
Because the torque-limiting device 21 does not itself 
need to rotate, it can for instance be in the simple and 
reliable form of a stationary brake. 
[0023] Figure 2 adds some detail to a version of Fig- 
ure 1 in which the variator is of the toroidal-race rolling- 
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traction type, and shows in particular how the CVT is 
arranged to rotate concentrically around the steering 
shaft 3. A stationary reaction member 25 engages, by 
way of the brake-type torque-limiting device 21, with a 
sleeve 26 carrying the annulus gear 27 of gear set 6. 
Motor 1 0 engages, by way of gears 28 and 29, both with 
the end discs, that is to say the input disc 7, of a toroi- 
dal-race variator and also with the planet carrier 30 of 
set 6. The output discs 9 of the variator are mounted in 
common with each other and also with the sun gear 31 
of the epicyclic gear set. It should be noted both that 
double planets are carried by the carrier 30, in order to 
reverse the directions of rotation of discs 7, 9 as is nec- 
essary in a toroidal- race variator, and that gear ratios 
are advantageously chosen to give equal and opposite 
speeds of rotation to the discs. The "intermediate mem- 
ber" 8 of the variator in this embodiment comprises two 
sets of traction-transmitting rollers and their associated 
carrier assemblies, one such set being disposed 
between one pair of the discs 7, 9 and the second set 
between the other pair. One such roller of each set is 
shown in outline at 35. Typically there will be three such 
rollers in each set, disposed at equal angular intervals 
about the axis of shaft 3. 

[0024] Reference 34, in Figure 2, indicates how con- 
trol of the system must link the steering shaft 3, the var- 
iator intermediate member 8, and the tubular 
connection 20 to pinion 2. Figure 2 shows flanges 36 
and 37, carried by shaft 3 and tube 20 respectively, and 
Figure 3 illustrates the principles behind one means by 
which flange 36 could be connected with the rollers 35, 
so as to cause the rollers to change ratio when shaft 3 
exceeds a given torsional deflection (i.e. when the 
angular positions of shaft 3 and sleeve 20 differ by more 
than a given amount), and how the torque reaction 
experienced by the rollers can then be applied to the 
pinion 2 by way of tube 20, thus providing a power- 
steering effect by augmenting the force exerted by the 
driver on the steering wheel 1 , so tending to reduce the 
difference to zero. 

[0025] Three further features of Figure 2 should also 
be noted. First a centrifugal clutch or equivalent safety 
device 50, located between the sun gear 31 and the out- 
put discs 9 and operable to ensure that the sun discon- 
nects from the discs, and the power-steering linkage is 
therefore disabled, should the sun gar 30 cease to 
rotate because, for example, the motor 10 has failed. If 
this happens, the operator must steer manually by way 
of the wheel 1 , and the disabled power-steering mecha- 
nism must not interfere with his doing so. Secondly, a 
suitable uni-directional lost-motion connection 51 
located between the pinion 2 and the flange 37/reaction 
plate 41 . This is ensure that the power-steering mecha- 
nism works to augment the steering effort when the 
operator turns the wheel 1 with the intention of moving 
the rack 4, but allows the pinion 2 to turn the wheel 1 
when it is appropriate for the steering effect to be in the 
reverse direction. This reverse effect occurs, for 



instance, due to road wheel camber when the vehicle is 
coming out of the bend, when without the one-way 
effect of the device 51 the power steering mechanism 
might tend to resist the restoration of the wheel 1 to the 

5 straight-ahead position. Thus item 51 effectively oper- 
ates so that if the driver lets go the wheel 1 , the position 
taken up by that wheel is determined by the road 
wheels. The third further feature to be noted is a ring 52 
located adjacent one of the sets of rollers 35 and nomi- 

w nally coaxial with shaft 3, but with a central aperture 53 
large enough to enable the ring to move slightly off cen- 
tre without fouling the rollers. The function of this ring 
will be explained in connection with the embodiment of 
Figure 4. 

15 [0026] Figure 3 shows one of the rollers 35, mounted 
to rotate about an axis 32 in a carriage 33 connected to 
a rod 38 carrying a ball end 39 mounted to slide in an 
arcuate slot 40 formed in a reaction plate 41. As is cus- 
tomary and well-understood in the art, the centre 35a of 

20 roller 35 is constrained to lie on the fixed "centre circle" 
of the torus to which the discs 7, 9 conform. The arc of 
slot 40 has the same centre 35a. ball end 39 is pivoted 
to a link 42, which is in turn pivoted at 43 to one end of 
a link 44, the other end of which is pivoted to flange 36 

25 and should be visualised as rotating in a plane at right 
angles to the paper in Figure 2, but parallel to the paper 
in Figure 3 and as if point 45 coincided with the axis of 
shaft 3. Reaction plate 41 is attached to and lies parallel 
to the face of flange 37, so that plate and flange move 

30 together. With roller 35 in the position in which it is 
shown in Figure 3, axis 32 will coincide with the com- 
mon axis of shaft 3 and tube 20. This represents the 
equilibrium position of the system, in which there is neg- 
ligible torsional deflection in shaft 3, and in which the 

35 ratios of the CVT are chosen so that it is in the so-called 
"geared neutral" condition, in which the ball ends 39 lie 
in their mid-position within the slot 40. There is thus no 
torque load on the rollers 35, and therefore ball ends 39 
are exerting no thrust on reaction plate 41 in the direc- 

40 tion indicated by the arrow 47. Motor 10 is therefore 
exerting no torque on pinion 2 by way of flange 37 and 
tube 20. If however shaft 3 undergoes a torsional deflec- 
tion, resulting in a corresponding angular error between 
shaft 3 and tube 20, this displaces links 42, 44 to the 

45 positions shown at 42' and 44' respectively, and tilts 
roller 35 so that it is now aligned with the ball at another 
position within the slot 40. In Figure 3 this is shown at 
39', one limit of its range of positions within the slot. The 
displaced roller axis 32' now no longer intersects the 

so axis of shaft 3 which is, of course also the variator axis. 
Roller 35 therefore experiences a torque reaction, 
which produces a reaction force (resolvable in the direc- 
tion of arrow 47) on plate 41 (i.e. on flange 37), and thus 
via tube 20 a torque on pinion 2 which supplements the 

55 torque being exerted on it by way of wheel 1 and shaft 
3. This supplementary torque then tends to decrease to 
zero as the angle <|> does likewise, and the ball end 39 
returns to its mid-position within the slot. 
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[0027] In designing the embodiment illustrated in Fig- 
ure 4 it was appreciated that roller reaction forces - see 
reference 47 in Figure 3 - are large, and that there are 
potential advantages, such as reduced stiction and 
improved driver feel, in isolating the steering input 5 
forces (applied to flange 36 in Figure 2 from the roller 
reaction forces which constitute the output of the power 
steering system and are applied to flange 37. Another 
feature of the resulting design is a simple mechanism 
serving to equalise the output forces exerted by the 
three rollers (35) in each set as described for Figure 2. 
Such equalisation occurs naturally in a modern torque- 
controlled automotive CVT (as described for instance in 
Patent Specification EP-B-0444086) where the rollers 
are positioned hydraulically. However, a lack of exact 
equalisation could be expected, and could create prob- 
lems, in the simpler CVT which would be economical for 
a power-steering or other auxiliary drive, and in which 
the orientation of each roller is controlled by a direct 
mechanical connection between that roller and the 
steering wheel 1 . 

[0028] The first difference to note between the embod- 
iments of Figures 3 and 4 is that in the latter Figure the 
linkage (38, 39, 42, 43, 44) connecting the roller car- 
riage 33 to flange 36 (and so to shaft 3 and steering 
wheel 1) is now confined to the "input" side of the sys- 
tem and makes no contact with reaction plate 41 , and 
that slot 40 is no longer present. 
[0029] The other main difference, relating now to the 
"output" side of the system, is that the roller carriage is 
essentially in two parts. The first part 54 is similar to 
item 33 of Figure 3, but carries at its centre a "rose" or 
other articulating joint 55, the central ball 56 of which 
carries a rod 57 connected to a frame 58 which consti- 
tutes the second part of the carriage. A rod 59 projects 
from frame 58 in a manner similar to that in which rod 38 
projects from frame 33. Rod 59 is pivoted at 60 to one 
art 61 of a bell crank 62 the vertex of which is pivotally 
mounted at 63 on the reaction plate 41. The other arm 
of bell crank 62 carries a pin 64 which slides in a slot 66 
formed in the "floating" equalisation plate 52 already 
described with relation to Figure 2. As has already been 
pointed out, the single roller 35 shown in Figures 3 and 
4 will be one of a set of three transmitting traction across 
a toroidal cavity between an input toroidal disc 7 and a 
corresponding output disc 9, and the three rollers will be 
located at equal angular intervals around the axis of the 
shaft 3. Nominally, therefore, the pins 64 will also lie at 
equal angular intervals on an imaginary circle coaxial 
with the rod 3, and the plate 52 will itself also be coaxial. 
Should the thrusts exerted (by way of carriage parts 58 
and rods 59) of the three rollers not be quite equal, how- 
ever, the effect of the inequality will be to move the pins 
64 and thus move the plate 52 slightly off-axis until it 
reaches an equilibrium position, in which the relative 
angular setting of the three bell cranks will be such that 
equal turning forces will be applied to the reaction plate 
41 by each of the bell cranks 62, at its respective pivotal 



connection 63. By forming the arcs of the slots 66 nom- 
inally concentric with shaft 3 (i.e. 45), the forces which 
the pins 64 exert upon the plate 52 to move it are sub- 
stantially radial only, and without any circumferential 
component that would tend to rotate the plate. 
[0030] The following potential advantage of the 
embodiments of the invention shown in all the Figures of 
drawings should be particularly noted. First that 
because the entire CVT rotates in common with the 
members from which it receives its input and to which it 
delivers its output, there are no problems associated 
with the fact that while the shaft 3 can rotate through 
over three revolutions, the power steering effect should 
come into operation when there is only a small angular 
error - say 2° - between shaft 3 and tube 20. Secondly, 
that the variator naturally rests with the rollers 35 at a 
1:1 ratio when stationary, thereby avoiding any ten- 
dency to steer. 

[0031] While the invention has been illustrated in the 
drawings only as applied to a power-assisted steering 
system, it will be apparent to the man skilled in the art 
that it is capable of general application to position ser- 
vos in which power assistance may be useful to ensure 
that the hand-powered or other lightly-powered move- 
ments of a rotary input member are followed by a con- 
centric but more massive rotary output member. Such 
applications includes a powered winch, in which the 
drum is power-driven to follow a manually-operated 
handle, or a rotary crane or machining head in which 
high power drives cause the cab and turret respectively 
to follow the movements of rotary controls that are 
themselves operated either directly by hand, or with 
only modest power assistance. 

Claims 

1 . A transmission having a power input (1 00) and out- 
put (1 02) which are co-axial along the same axis of 
rotation, said transmission comprising: 

a toroidal drive (104) having two traction disks 
(7a) with at least one reaction path therebe- 
tween; and 

a co-axial drive (106) having a planetary carrier 
(30) rotating around the axis of rotation and 
forms part of said at least one reaction path 
between said disks (7a). 

2. The transmission of Claim 1 , wherein said traction 
disks (7a) react axially along one reaction path ther- 
ebetween and said carrier (30) forms part of said 
one reaction path. 

3. The transmission of Claim 1 , wherein said traction 
disks (7a) react torsionally along one reaction path, 
and said carrier (30) forms part of said one reaction 
path. 
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4. The transmission of Claim 1, wherein said traction 
disks (7a) react axially and torsionally along one 
reaction path, and said carrier (30) forms part of 
said one reaction path. 

5 

5. The transmission of Claim 1, wherein said toroidal 
drive (1 04) is a dual cavity toroidal drive, said disks 
(7a) are outboard traction disks which react axially 
and torsionally along said at least one reaction 
path, and said carrier (30) forms part of said at least 10 
one reaction path. 

6. The transmission of Claim 1 , wherein said co-axial 
drive (106) has a plurality of elements (114) carried 

by said carrier (30), and said elements (108) are is 
operatively adapted to provide a power path 
between the input (100) and output (102) of said 
transmission. 

7. A transmission having a co-axial power input (100) 20 
and output (102), said transmission comprising: 

two shafts, one of said shafts being an input 
shaft (100) for supplying power to said trans- 
mission and the other of said shafts being an 25 
output shaft (102) for transmitting power out 
from said transmission, each of said shafts 
(100)(102) having substantially the same axis 
of rotation; 

a toroidal drive (104) having two traction disks 30 
(7a) with a reaction path therebetween, one of 
said disks (7a) being mounted for rotation with 
one shaft of said shafts (100); and 
a co-axial drive comprising a planetary assem- 
bly (106) with a rotating planetary carrier (30) 35 
forms part of the reaction path between said 
disks (7a) and being interconnected between 
said one shaft (100) and said toroidal drive, 
said toroidal drive (100) and said planetary 
assembly being operatively adapted for allow- 40 
ing power from said input shaft (100) to travel 
back and forth through said transmission, 
between said shafts (100,102) and along said 
substantially the same axis of rotation without 
the need for parallel shafting. 45 

8. The transmission of Claim 7, wherein said toroidal 
drive (104) and said planetary assembly (106) are 
operatively adapted for allowing power from said 
input shaft (100) to be transmitted through said so 
toroidal drive to said planetary assembly (106) 
along the axis of rotation of said input shaft (100), 
and for allowing power from said input shaft (100) to 

be transmitted through said planetary assembly 
(106), then through said toroidal drive and back to ss 
said input shaft (104) along the axis of rotation of 
said input shaft (100). 



9. A transmission comprising 

a first drive (104) having an input shaft (100) for 
supplying power to said transmission, said 
input shaft (100) having an axis of rotation; 
an output (102); and 

a co-axial drive (106) interconnecting said first 
drive (104) and said output (102), 
wherein said first drive (104), said output (102) 
and co-axial drive (106) are operatively 
adapted for allowing power from said input 
shaft (102) to be transmitted through said first 
drive, through said co-axial drive (106) and to 
said output (102) along substantially the same 
axis of rotation as that of said input shaft (100), 
and for allowing power from said output to be 
transmitted through said co-axial drive (106), 
through said first drive and back to said input 
shaft (100) along said substantially the same 
axis of rotation, said transmission being 
thereby capable of exhibiting a recirculatory 
power loop from and back to said input shaft 
(100) without the need for parallel shafting. 

10. The transmission of Claim 9, wherein said co-axial 
drive (106) is a planetary drive with a carrier (30), 
and said first drive (104) is a toroidal drive with two 
coupled traction disks (7a, 9a) which react torsion- 
ally to one another through said carrier (30). 

11. The transmission of Claim 10, wherein the two cou- 
pled traction disks (7a, 9a) of said toroidal drive 
react torsionally and axially to one another through 
said carrier (30). 

12. The transmission of Claim 11, wherein one of said 
traction disks (7a) is mounted to rotate with said 
input shaft (100), and said carrier (30) is operatively 
adapted to rotate with said input shaft (1 00) and the 
other of said traction disks (9a). 

13. The transmission of Claim 11, wherein one of said 
traction disks (7a) is operatively adapted to rotate 
with said input shaft (100), said co-axial drive (106) 
is a planetary gear assembly, and said carrier (30) 
includes a hub (30) mounted to rotate with said 
input shaft (100) and a support flange (31) mounted 
to rotate with the other of said traction disks (9a). 

1 4. The transmission of Claim 9, wherein said first drive 
is a dual cavity toroidal drive and includes two out- 
board traction disks (7a) and at least one inboard 
traction disks (9a) disposed between said outboard 
traction disks (7a), said co-axial drive (106) is a 
planetary gear assembly, and said traction disks 
(7a, 9a) and said planetary gear assembly, and said 
traction disks (7a, 9a) and said planetary gear 
assembly (106) are axially held in position so that 
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relative movement therebetween is substantially 
only rotational in nature. 

15. The transmission of Claim 9, wherein said coaxial 
drive (1 06) is a planetary gear assembly with a car- 5 
rier (30), and said first drive (104) is a dual cavity 
toroidal drive with two outboard traction disks (7a) 
which react torsional ly to one another through said 
carrier (30) and one dual-faced inboard traction 
disk (7a) disposed between said outboard traction 10 
disks (7a), said carrier (30) and one of said out- 
board traction disks (9a) are each mounted to 
rotate around said axis of rotation with said input 
shaft (111) through said carrier (30), and said 
inboard traction disk (9a) is operatively adapted to 15 
rotate around said axis of rotation in an opposite 
direction to that of said input shaft (100). 

16. The transmission of Claim 14 or 15, in which said 
output includes a gear (27) interconnected with the 20 
output shaft (102), said planetary gear assembly 
(106) includes a compound planet gear (108) 
mounted on said carrier (30) and connecting a ring 
gear (27) to a sun gear (31), said inboard traction 
disk (9a) being mounted for rotation around said 25 
input shaft (100) and being connected for rotation 
with said sun gear (31) through a torque tube (110) 
disposed around said input shaft (100), and said 
planet gear (108) is connected for rotation with said 
input (100). 30 

17. The transmission of any one of the previous claims 
in which the planetary assembly is situated 
between the two input discs (9a) 

35 
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